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YR-J319 



METHOD FOR PRODUCTION OF CYCLIC PQLYSULFIDE COMPOUND AND 
RUBBER COMPOSITION CONTAINING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a cyclic 
polysulfide compound and a method of production thereof 
as well as a rubber vulcanization agent comprises the 
same and a rubber composition containing the same* 

2 . Description of the Related Art 

A cross-linked rubber sulfur vulcanized with 
sulfur has polysulfide bonds, and therefore, is inferior 
in heat resistance and vulcanization reversion. To solve 
the problems of heat resistance and vulcanization 
reversion, it is known that a vulcanization agent such as 
tetrasulfide polymer or cyclic polysulfide is effective 
(Noboru Yamazaki et al.: Abstracts of 1981 Research 
Announcement Conference, p. 53, 2-17, Japanese Rubber 
Industry Association and Japanese Unexamined Patent 
Publication (Kokai) No* 10-120788). In particular, a 
cyclic polysulfide is preferable in terms of the cross- 
linking efficiency, but the methods of production of a 
cyclic polysulfide reported up to now are not practical 
due to problems such as the long production process or 
use of expensive materials (Japanese Unexamined Patent 
Publication (Kokai) No. 58-122944). 

Japanese Unexamined Patent Publication (Kokai) 
No. 58-122944 reports the following method of production 
of a cyclic polysulfide compound: 

/SH /SSiMe 3 
R v + ClSiMe 3 > R 

SH (2 equivalents) SSiMe 3 
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/SSiMe 3 

v + S 3 C1 2 

N SSiMe 3 



R = -eCH 2 CH 2 O^CHCH 2 — , (n - 2 - 5) 

According to this production method, it is 

10 necessary to react an expensive material, i.e., dithiol, 
and 2 equivalents of an expensive chlorotrimethylsilane 
as a protecting group of dithiol. Chlorotrimethylsilane 
and the S-SiMe 3 group are easily hydrolyzed by moisture, 
and therefore, as a reaction condition, it is necessary 

15 to dry or treat the reaction apparatus so as to remove 
the humidity or moisture. Further, it is necessary to 
separately synthesize S 3 C1 2 . Furthermore, the yield is 
70% or lower, and therefore, there is a problem in the 
purification of the desired product. 

2 0 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is 
to provide an inexpensive simple production of a cyclic 
polysulfide compound useful as a rubber vulcanization 
agent from a dihalogen compound and a metal polysulfide. 

25 In accordance with the present invention, there is 

provided a method for producing a cyclic polysulfide 
having the formula (I): 




(Yield: 70%) 



a 

wherein x is an integer of 2 to 6, n is an integer of 1 
to 15, and R indicates a substituted or unsubstituted C 2 
- C 18 alkylene group or a substituted or unsubstituted C 2 
to C 18 alkylene group including an oxiyalkylene group 
comprising: 
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reacting a dihalogen compound having the 
formula X-R-X, wherein X independently indicates a 
halogen atom, and R indicates a substituted or 
unsubstituted C 2 to C 18 alkylene group or a substituted or 
5 unsubstituted C 2 to C 18 alkylene group including an 

oxyalkylene group and an alkali metal polysulfide have 
the formula M 2 S X , wherein M is an alkali metal and x is 
an integer of 2 to 6, in an incompatible mixed solvent of 
a hydrophilic and lypophilic solvent, by a two-phase 
10 system. 

In accordance with the present invention, there is 
also provided a method for producing a cyclic polysulfide 
having the above formula (I) comprising: reacting by 
adding a dihalogen compound having the formula X-R-X, 

15 wherein X independently indicates, a halogen atom and R 
indicates a substituted or unsubstituted C 2 to C 18 
alkylene group or a substituted or unsubstituted C 2 to C 18 
alkylene group including an oxyalkylene group with a 
solution of an alkali metal polysulfide having the 

20 formula M 2 S X , wherein, M is an alkali metal and x is an 

integer of 2 to 6, by adding the dihalogen compound at a 
rate such that the dihalogen compound reacts with the 
alkali metal polysulfide at the interface thereof. 

In accordance with the present invention, there is 

25 further provided a cyclic polysulfide wherein, in formula 
(I), R is -^CH 2 ^, -CH 2 CH 2 OCH 2 OCH 2 CH 2 -, or -CH 2 CH 2 OCH 2 CH 2 - , 
x is an integer of 2 to 6, and n is an integer of 1 to 
15, 

In accordance with the present invention, there is 
30 still further provided a rubber vulcanization agent 

comprised of said cyclic polysulfide. 

In accordance with the present invention, there is 
still further provided a rubber composition comprising 
100 parts by weight of a diene-based rubber and 0.5 to 30 
*5 parts by weight, preferably 0.5 to 20 parts by weight, of 
the rubber vulcanization agent. 

In this specification and in the claims which 



follow, the singular forms "a," "an" and "the" include 
plural referents unless context clearly dictates 
otherwise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from 
the description set forth below with reference to the 
accompanying drawing, in which: 

FIG. 1 is a graph of the test results of a rheometer 
(160°C x 60 minutes) of Comparative Example 1 and 
Examples 5 and 7 . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, the cyclic 
polysulfide having the above-mentioned formula (I) is 
produced by reacting a dihalogen compound having the 
formula X-R-X, wherein X independently represents a 
halogen atom including fluorine, chlorine, bromine and 
iodine, preferably chlorine and bromine, and R represents 
a substituted or unsubstituted C 2 to C 18 alkylene group or 
a substituted or unsubstituted C 2 to C 18 alkylene group 
including an oxyalkylene group with an alkali metal 
polysulfide M 2 S X , wherein M is an alkali metal, for 
example, sodium, potassium and lithium and x is an 
integer of 2 to 6, in an incompatible mixed solvent of a 
hydrophilic and lypophilic solvent by a two-phase system 
or reacting them by adding X-R-X in a solution of M 2 S X , 
in which, as the solvent, it is possible to use water and 
a C ± to C 4 aliphatic alcohol, preferably water, at a rate 
such that M 2 S X and X-R-X react at the interface thereof. 
Note that, in the latter method, if the addition rate of 
the X-R-x is too fast, the concentration of X-R-X becomes 
higher, a reaction occurs outside the interface, and a 
reaction between the molecules is preferably occurs to 
form a chain, which is not desirable. Therefore, it is 
preferable for obtaining a cyclic polysulfide that the 
M 2 S X and X-M-X are reacted in as a nonuniform or 
heterogeneous system as possible only at the interface. 

As the group R of the formula X-R-X and the formula 



(I), for example, a straight or branched chain alkylene 
group such as ethylene, propylene, butylene, pentylene, 
hexylene, octylene, nonylene, decylene, and 1 , 2-propylene 
may be exemplified. These alkylene groups may be 
substituted with a substituent group such as a phenyl 
group or benzyl group. The group R may further include an 
alkylene group including an oxyalkylene group. Examples 
of such a group are an alkylene group including an 
oxyalkylene group with the group (CH 2 CH 2 0) p and the group 
(CH 2 ) q , wherein p is an integer of 1 to 5 and q is an 
integer of 0 to 2, bonded in any way. Preferable groups R 
include : 

-CH 2 CH 2 OCH 2 CH 2 - , -(CH 2 CH 2 0) 2 CH 2 CH 2 - - ( CH 2 CH 2 0 ) 2 CH-CH 2 - , - 
(CH 2 CH 2 0) 4 CH 2 CH 2 -, -(CH 2 CH 2 0) 5 CH 2 CH 2 ~, - ( CH 2 CH 2 0 ) 2 CH 2 - , - 
CH 2 CH 2 OCH 2 OCH 2 CH 2 - 

In particular, x is preferably an average of 3.0 to 
5.0, more preferably 3.5 to 4.5. n is preferably 1 to 10, 
more preferably 1 to 5. 

The reaction between the dihalogen compound and the 
alkali metal polysulfide is an equivalent amount 
reaction. In practice, the two compounds are reacted in a 
ratio by equivalents of 0.95:1.0 to 1.0:0.95, preferably 
at a temperature of 50 to 120 °C, more preferably 70 to 
100°C. 

The hydrophilic solvents and lypophilic solvents 
usable in the present invention are not particularly 
limited. In an actual reaction system, it is possible to 
use any solvents which are incompatible with each other 
and to form two phases. Specifically, as a hydrophilic 
solvent, in addition to water, alcohols such as methanol, 
ethanol, ethylenglycol , diethylene glycol may be 
exemplified. These solvents may also be used in any 
mixtures. Further, as the lyophilic solvent, an aromatic 
hydrocarbon such as toluene, xylene, and benzene, an 
aliphatic hydrocarbon such as pentane and hexane, an 
ether such as dioxane and dibutylether , an ester such as 
ethyl acetate, etc. may be exemplified. These solvents 
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may also be used in any mixtures. 

The reaction at the interface of the dihalogen 
compound and the alkali metal polysulf ide is an 
equivalent amount reaction. In practice, the two 
5 compounds are reacted in an equivalent ratio of 0.95:1 to 
1:0.95. The reaction temperature is preferably 50 to 
120°C, more preferably 70 to 100°C. 

In the above reaction, no catalyst is required, but 
sometimes it is possible to use, for example, a 

10 quaternary ammonium salt, phosphonium salt, crown ether, 
etc. as a catalyst. For example, (CH 3 ) 4 N + C1~, (CH 3 ) 4 N + Br~, 
(C 4 H 9 ) 4 N + C1", (C 4 H 9 ) 4 N + Br", C 12 H 25 N + ( CH 3 ) 3 Br~ , (C 4 H 9 ) 4 P + Br', 
CH 3 P + (C 6 H 5 ) 3 I\ C 16 H 33 P + (C 4 H 9 ) 3 Br-, 1 5-crown-5 , 1 8-crown-6 , 
Benzo-18-crown-6 , etc. may be exemplified. 

15 The rubber composition according to the present 

invention is comprised of 0.5 to 30 parts by weight, 
preferably 0.5 to 20 parts by weight, of a rubber 
vulcanization agent having the above formula (I), blended 
into 100 parts by weight of a diene-based rubber. The 

20 rubber vulcanization agent of the present invention can 
be used, together with a conventional sulfur or other 
vulcanization agent. If the amount of the rubber 
vulcanization agent of the present invention is too 
small, a desired vulcanization effect cannot be 

25 sufficiently obtained and the strength of the vulcanized 
rubber etc. are decreased and therefore, this is not 
preferable, while if it is too large, the vulcanized 
rubber impref erably becomes hard. 

The diene-based rubber blended into the rubber 

3 0 composition according to the present invention includes, 
for example, any diene-based rubber which can be used as 
a starting rubber for tires. Typical examples of such 
diene-based rubbers are natural rubber (NR), polyisoprene 
rubber (IR), various types of polybutadiene rubber (BR), 

35 various types of styrene-butadiene copolymer rubber 

(SBR), ethylene-propylene-diene terpolymer rubber (EPDM) . 
These rubbers may be used alone or in any blends thereof. 



The rubber composition according to the present 
invention may contain, in addition to the above-mentioned 
essential ingredients, a filler such as carbon black or 
silica, a vulcanization accelerator, various oils, 
antioxidants, plasticizers , silane coupling agent, or 
other various additives generally blended for tire or 
other general rubber use. The formulation may be mixed 
into a composition by a general method and used for 
vulcanization. The amount of these additives blended may 
be made the general amounts blended in the past unless 
the object of the present invention is not impaired, 

EXAMPLES 

The present invention will now be explained further 
by using Examples, but the scope of the present invention 
is of course not limited to these Examples. 

Example 1 

28,1 g (0,15 mole) of 1 , 2-bis ( 2-chloroethoxy) ethane 
and 89.76 g (0.155 mole) of an aqueous 30% by weight 
sodium polysulfide (Na 2 S 4 ) solution were reacted in an 
incompatible mixed solvent of 150 g of water and 100 g of 
toluene at 90 °C for 5 hours. After the end of the 
reaction, the organic phase was separated and condensed 
in vacuo at 90 °C to obtain 34.3 g (yield 94%) of a cyclic 
polysulfide (i.e., vulcanization agent 1) of the formula 
(I) wherein R = (CH 2 ) 2 0(CH 2 ) 2 0(CH 2 ) 2 , x (average) = 4, and 
n = 1 to 5. The number average molecular weight of the 
cyclic polysulfide thus obtained was 500 and the NMR data 
was as follows: 

X H-NMR (chloroform-dj 6: 2.9 to 3.2 (4H, CH 2 SJ , 3.7 
to 4.0 (8H, CH 2 0) 
Example 2 

A solution of 28.1 g (0.15 mole) of l,2-bis(2- 
chloroethoxy) ethane dissolved in 30 g of toluene was 
dropwise added to a mixed solvent of 89.76 g (0.155 mole) 
of an aqueous 3 0% by weight sodium polysulfide (Na 2 S 4 ) 
solution, 150 g of ethanol, and 100 g of toluene at 90°C 
for 2 hours and the mixture allowed to react for a 



further 3 hours * After the end of the reaction, the 
organic phase was separated and condensed in vacuo at 
90 °C to obtain 35,0 g (yield 96%) of a cyclic polysulfide 
of the formula (l) f wherein R = (CH 2 ) 2 0(CH 2 ) 2 0(CH 2 ) 2 , x 
(average) = 4, and n = 1 to 2 . The number average 
molecular weight of the cyclic polysulfide thus obtained 
was 300 and the NMR data was as follows: 

"H-NMR ( chloroform^ ) 6: 2.9 to 3-2 (4H, CH 2 S X ) , 3.7 
to 4.0 (8H, CH 2 0) 

Example 3 

23.3 g (0.15 mole) of 1 , 6-dichlorohexane and 89.76 g 
(0.155 mole) of an aqueous 30% by weight sodium 
polysulfide (Na 2 S 4 ) solution were allowed to react in a 
mixed solvent of 120 g of ethanol and 100 g of toluene at 
9 0 °C for 5 hours. After the end of the reaction, the 
organic phase was separated and condensed in vacuo at 
90°C to obtain 31.2 g (yield: 98%) of a cyclic 
polysulfide of the formula (I) wherein R = (CH 2 ) 6 , x 
(mean) = 4, and n = 1 to 5 . The number average molecular 
weight of the cyclic polysulfide thus obtained was 500 
and the NMR data was as follows: 

1 H-NMR ( chloroform^ ) 6: 1.4 to 1.9 (4H, CH 2 S X ), 3.7 
to 4.0 (8H, CH 2 ) 

Example 4 

89.8 g (0.15 mole) of an aqueous 30% by weight 
sodium tetraf luoride solution was diluted by adding 100 g 
of water, then 25.9 g (0.15 mole) of l,2-bis(2- 
chloroethoxy) methane was dropwise added thereto at 90 °C 
over 2 hours and the mixture was allowed to further react 
at that temperature for 3 hours. After the end of the 
reaction, the water insolubles were washed with water, 
then dried in vacuo at 100 °C for 2 hours to obtain 33.2 g 
(yield: 96%) of cyclic polysulfide (i.e., vulcanization 
agent 3) of the formula (I), wherein R = - 
CH 2 CH 2 0CH 2 0CH 2 CH 2 - , x (average) = 4, and n = 1 to 5 . The 
number average molecular weight of the cyclic polysulfide 
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thus obtained was 600 and the NMR data was as follows: 

X H-NMR ( chloroform^ ) 5: 2.9 to 3.3 (4H, CH 2 S), 3.7 
to 4.0 (4H, CH 2 0), 4.8 (2H, OCH 2 0) 

Examples 5 to 8 and Comparative Example 1 
5 The following tests were carried out for evaluating 

the blended physical properties of the rubber 
vulcanization agent of the present invention. 





the rubber 


( parts 


by weight) 


are 


as shown in Table I. 


Table 


I 












Comp. 

Pv 1 


Ex . 


5 Ex. 6 


Ex. 


7 


Ex. 8 


Polyisoprene rubber* 1 


100 


100 


100 


100 




100 


Carbon black* 2 


50 


50 


50 


50 




50 


Zinc oxide 


3 


3 


3 


3 




3 


Stearic acid 


1 


1 


1 


1 




1 


Antioxidant* 3 


1 


1 


1 


1 




1 


NS* 4 


0.8 


0. 


8 0.8 


0. 


8 


0.8 


Sulfur* 5 


1.5 


0 


0.75 0 




0 


Vulcanization agent l* 6 




3 


1.5 








Vulcanization agent 2* 7 








3 






Vulcanization agent 3* 8 












3 


*1: Nipole IR 2200 (available 


from 


Nippon 


Zeon) 






*2: Seast KH (available 


from Tokai 


Carbon ) 








*3: Santoflex 6PPD (available 


from 


Flexis ) 









*4 : (N-t-butyl-2-benzothiazolylsulfenamide) 
*5: Insoluble sulfur (available from Akzo Kashima) 
*6: Vulcanization agent produced by Example 1 
*7: Vulcanization agent produced by Example 3 
*8: Vulcanization agent produced by Example 4 

The rubber composition of the formulation (parts by 
weight) shown in Table I was mixed by an 8-inch open 



roll, then the rubber was vulcanized under vulcanization 
conditions of 160 °C and 20 minutes. The results are shown 
in Table II, As is clear from the results shown in Table 
II, compared with the rubber composition of Comparative 
Example 1, the rubber compositions of Examples 4 to 6 
according to the present invention are observed to 
exhibit excellent rates of retention of the breaking 
strength (TB) and elongation at break (EB) and to be 
superior in heat stability even after accelerated thermal 



ageing at 100 C x 3 


days . 

Table 


II 










Comp. 
Ex. 1 


Ex. 5 


Ex. 6 


Ex. 7 


Ex. 8 


Before thermal aaeincr 












100% modulus (MPa) 


2.76 


3.0 


3.42 


3. 13 


3.09 


3 00% modulus (MPa) 


12.72 


13.68 


14.85 


13.69 


13.65 


TB 


30. 17 


33.43 


32.66 


32.24 


33.21 


EB (%) 


556.2 


566.8 


545.5 


556.2 


565.3 


After thermal aaeina 












100% modulus (MPa) 


4 . 15 


4.36 






4.07 


3 00% modulus (MPa) 


17.2 


17.49 






16. 86 


TB 


20.0 


24.27 






25.82 


EB (%) 


332. 1 


395.1 






407.5 



Example 9: Rheometer of Example 5 and 7 (160°C, 60 
minutes ) 

Test Method 

100% and 300% modulus: Measured according to JIS 
K6251 (dumbbell shape no. 3) 

Breaking strength (TB) and elongation at break (EB): 
Measured according to JIS K6251 (dumbbell shape no. 3) 

The rubber compositions of Comparative Example 1 
(i.e., sulfur vulcanization), Example 5 (i.e., 
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vulcanization by vulcanization agent 1), and Example 7 
(i.e., vulcanization by vulcanization agent 2) were 
tested at 160°C for 60 minutes using a rheometer (i.e., 
vulcanization tester). The results are shown in FIG. 1 as 
5 a curve of the change of the torque over time. From the 
results of FIG* 1, no vulcanization reversion was 
recognized in Examples 5 and 7 using the rubber 
vulcanization agents according to the present invention. 
The existing vulcanization state was exhibited. 

10 According to the present invention, as explained 

above, by reacting a dihalogen compound and an alkali 
metal polysulfide in an incompatible mixed solvent of a 
hydrophilic and lypophilic solvent by a two-phase system, 
it is possible to inexpensively and simply produce a 

15 cyclic polysulfide. Further, when the cyclic polysulfide 
of the present invention is used as a rubber 
vulcanization agent, it is possible to give an optimal 
vulcanization state without causing the vulcanization 
reversion or improve the heat stability of the vulcanized 

2 0 rubber compared with an ordinary sulfur vulcanization 
system. 



